This paper presents the use of a novel evolutionary algorithm called Biogeography-based optimization (BBO) 
Introduction
The optimal power flow (OPF) problem has been one of the most widely studied subjects in the power system community [1] , he was first discussed by Carpentier in 1962 [2] , the main purpose of OPF is to minimize the total thermal unit fuel cost, total emission, and total real power loss while satisfying physical and technical constraints on the network.
Oxides of nitrogen NOX emissions will be considered in the OPF problem for environmental protection. Power production from fossil burning and energy use may bring about significant adverse environmental effects through NOX emissions. So the total emission in the objective function will be considered in the OPF problem [3] .
A wide variety of classical optimization techniques have been applied in solving the OPF problems considering a single objective function, such as nonlinear programming, quadratic programming, linear programming, Newton-based techniques, the sequential unconstrained minimization technique, interior point methods, and the parametric method.
As modern electrical power systems become more complex, planning, operation and control of such systems using conventional methods face increasing difficulties. Evolutionary methods have been developed and applied for solving problems in such complex power systems.
Biogeography-based optimization (BBO) is a novel evolutionary algorithm developed by Dan Simon in 2008 [4] . It is based on the mathematics of biogeography. Biogeography is the study of the geographical distribution of biological organisms. In the BBO model, problem solutions are represented as islands and the sharing of features between solutions.
Problem Formulation
OPF is a static, nonlinear optimization problem, which calculates a set of optimum variables from the network state, load data and system parameters. Optimal values are computed in order to achieve a certain goal such as generation cost minimization or line transmission power loss minimization subject to equality and inequality constraints.
The standard OPF problem can be written in the following from:
subject to:
where, ( ) is the objective function.
( ) is the equality constraints.
( ) is the inequality constraints.
And is the vector of control variables, the control variable can be generated active power , generation bus magnitudes , and transformers tap … etc.
The objective function
In this paper, the OPF problem is formulated as bi-objective optimization problem as follows:
Minimization of fuel cost of power generation:
Generally, the OPF problem can be expressed as minimizing the cost of production of the real power which is given by a quadratic function of generator power output as [7, 8] .
where:
is The fuel cost function.
, , are the fuel cost coefficients.
represents the corresponding generator (1,2,.....ng).
is the generated active power at bus i.
is the number of generators including the slack bus.
Minimization of polluted gas emission:
The valve-point loading effect of thermal units is also taken into consideration; the total emission can be reduced by minimizing the three major pollutants: oxides of nitrogen (NOx), oxides of sulphur (SOx) and carbon dioxide (CO 2 ).
The objective function that minimizes the total emissions can be expressed in a linear equation as the sum of all the three pollutants resulting from generator real power [9] .
The amount of NOx emission is given as a function of generator output (in Ton/h), that is, the sum of quadratic and exponential functions [10] .
where; is the emission function. , , , and are the coefficients of generators emission characteristic.
The total objective function
The total objective function considers at the same time the cost of the generation and the cost of pollution level control. However, the solutions may be obtained in which fuel cost and emission are combined in a single function with difference weighting factor. This objective function is described by [11] :
where α is a weighting satisfies 0 ≤α ≤ 1.
And (9)
The pollution control cost (in $/h) can be obtained by assigning a cost factor to the pollution level expressed as
where; the emission control cost factor [10] .
The equality and inequality constraints

The equality constraint
The OPF equality constraints reflect the physics of the power system, equality constraints are expressed in the following equation:
where; is the total power demand of the plant and is the total power losses of the plant.
The inequality constraints:
The inequality constraints of the OPF reflect the limits on physical devices in the power system as well as the limits created to ensure system security that they are presented in the following inequalities:
-Upper and lower bounds on the active generations at generator buses (12) -Upper and lower bounds on the reactive power generations at generator buses and reactive power injection at buses with VAR compensation (13) -Upper and lower bounds on the voltage magnitude at the all buses (14) -Upper and lower bounds on the bus voltage phase angles (15) -Upper and lower transformer tap setting T limits are set as:
BBO for Optimal Power Flow
Biogeography-based optimization (BBO)
BBO is a new bio-inspired and population based optimization technique developed by Dan Simon in 2008 [4] . It's similar to genetic algorithms (GA).
Mathematical models of BBO describe the migration of species from one island to another, how species arise and become extinct. Island in BBO is defined as any habitat that is isolated geographically from other habitats. Well suited habitats for species are said to have high habitat suitability index (HSI) while habitats that are not well suited said to have low HSI. Each habitat consists of features that decide the HSI for the habitat. These features are considered as independent variable and called suitability index variables (SIV) which map the value of the HSI of the habitat. High HSI habitats have large number of species while low HSI habitats have small number of species.
In BBO, each individual has its own immigration rate and emigration rate . A good solution has higher and lower , vice versa. The immigration rate and the emigration rate are functions of the number of species in the habitat Figure 1 . They can be calculated as follows:
where I: is the maximum possible immigration rate. E is the maximum possible emigration rate. k is the number of species of the th individual in the ordered population according to the fitness.
Figure 1. Species model of a single habitat
There are two main operators, the migration and the mutation. One option for implementing the migration operator can be described as follow In BBO the mutation is modeled as SIV mutation using species count probabilities to determine mutation rate. Very high HSI and very low HSI solutions are likely to be mutated to a different solution using the mutation rate m that is calculated using
where m(s) is the mutation rate, is the maximum mutation rate, Ps is the probability that S species in a habitat, and is the maximum probability that S species in a habitat. When a solution is selected for mutation then we replace a randomly chosen SIV in the habitat with a new randomly generated SIV [11] .
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BBO for optimal power flow
In the economic dispatch problem each habitat represent a candidate solution consist of SIVs. Each SIV represents the output power generated by a specific generation unit and satisfying its different constrains.
1. Initialize BBO parameters.
2. Generate a random set of habitats that consists of SIVs representing feasible solutions.
3. Calculate HSI for all habitats and their corresponding rates µ and λ.
4. Identify the best solutions based on the HSI value and save the best solutions.
5. Probabilistically use λ and µ to modify the non elite habitat using the migration process.
6. Based on species count probability of each habitat mutate the non-elite habitat then go to step (3).
7. After specified number of generation this loop is terminated.
After the modification of each habitat (steps 2, 5, 6) the feasibility of the habitat as a candidate solution should be tested and if it is not feasible then variables are tuned to convert it to a feasible solution [13] .
Application study
The OPF using Biogeography Based Optimization (BBO) approach has been developed and implemented by the use of Upper and lower active power generating limits and the unit costs of all generators of the IEEE 30-bus test system are presented in Table 1 [11] , and the emission coefficients of generators are presented in Table 2 [14] . Upper and lower magnitude voltage limits are set between , upper and lower bounds on the bus voltage phase angles are set between -14 ° and upper and lower transformer tap setting T limits are set between . The total power demand is 283.4 MW and the emission control cost factor is 550.66 $/Ton [10] .
The BBO properties in this simulation are set as follow:
-Population size: 20.
-Generation count limit: 200.
-Mutation probability: 0.01.
-Maximum immigration rate: I = 1.
-Maximum emigration rate: E = 1.
A. In this part, the used control variables are only the actives power of generators.
The results including the generation cost, and the power losses are shown in Table 3 . A comparison with GA [5] and ABC [6] is also represented in this The active powers of the 6 generators as shown in this table are all in their allowable limits. We can observe that the BBO gives an acceptable solution (802.717 compared with 802.1649 and 802.0012) ($/h) and it is as good as GA and ABC in solving the optimal power flow. Figure 3 shows the typical convergence characteristics for the best solutions of the minimum fuel cost obtained for each generation. It can be seen that the convergence is fast for the proposed BBO. [ ]
The results including the generation cost, the emission level, total cost, generated active power, magnitude voltage and power losses are shown in Table 4 . This table gives the optimum generations for minimum total cost in three cases with 11 values of α:
Case 1: minimum generation cost without using into account the emission level as the objective function (α=1).
Case 2: minimum generation cost with using into account the emission level as the objective function (0≤α≤1) Case 3: a total minimum emission is taken as the objective of main concern (α=0).
The active powers of the 6 generators as shown in this table are all in their allowable limits. We can observe that the total cost of generation and pollution control is the highest at the minimum emission level (α=0) with the lowest real power loss (3.7017MW). The difference in generation cost between the case 1 and the case 3 (800.1091$/h compared to 930.6462 $/hr), in real power loss (8.9203MW compared to 3.7017MW) and in emission level (0.3665Ton/h compared to 0.2178Ton/hr) clearly shows the trade-off. To decrease the generation cost, one has to sacrifice some of environmental constraint. The Figure 4 shows the total cost for different values of α. Obtained by BBO. This figure shows that the minimum total cost is at α =0.5 with value of 967.4085 $/h The results including the voltage magnitude and the angles of three values of α are exposed in Figure 5 and Figure 6 respectively.
We can observe that all voltage magnitudes and the angles of IEEE 30-bus system are between their minimum and maximum values.
The comparison of the results obtained by the proposed approach with those found artificial bee colony algorithm ABC [15] are reported in the Table 5 . This table gives the optimum generations for minimum total cost in three cases: minimum generation cost without using into account the emission level as the objective function (α =1), an equal influence of generation cost and pollution control in this function and at last a total minimum emission is taken as the objective of main concern (α =0). The comparison between BBO and ABC show that the Biogeography-based optimization gives acceptable solution in the three cases. We consider two cases of optimization. In the first case, the control vector represents only the generator active power outputs. However in the second case, the vector represents the generator active power outputs, magnitude voltage and transformers tap-setting. The results give significant reductions in cost and losses for the second case (Power losses: 8.9203MW) compared to the first one (9.3064 MW).
